To enhance a methionine level of soy protein the plastein reaction was replaced by a simplified one-step process which had been newly developed as described in the preceding paper. It was found that during the process L-methionine ethyl ester (H-Met-OEt) underwent papain-catalyzed polymerization when the enzymatic incubation was carried out in the absence or inadequacy of soy protein.
A one-step process has been developed as a novel modification of the plastein reaction, in order to incorporate L-methionine (ethyl ester form) directly into soy protein by treatment with papain.1,2) Our first report resulting from a series of this research has described the optimum conditions for the one-step process.1) The subsequent report has related a practical application of the process to commercial soy protein and flour for enhancing their methio nine level in a large measure.2) In carrying out the process, however, it happens that Lmethionine ethyl ester undergoes a kind of papain-catalyzed polymerization, particularly in the case of inadequate substrate (soy protein), This useless side-reaction is expected to be minimized if the methionine ethyl ester vs. soy protein concentration is well controlled. A main aim of the present paper is to define a critical point of concentration at which the methionine polymerization is regulated. In this context, some data are added with regard to a primary mechanism of the methionine incorporation into soy protein observed when the one-step process is carried out in the pre sence of adequate protein.
Several abbrevia tions* are used in this paper.
MATERIALS AND METHODS
L-Methionine ethyl ester, A reagent grade prepa ration of L-methionine (Ajinomoto Co.) was esterified with ethanol by the method of Boissonas et al.
3) The product was recrystallized from ethanol-ether-hexane (2: 7: 1) to obtain H-Met-OEt-HCl in needle. Checked by thin-layer chromatography,4) the compound gave a single spot with an Rf value of 0.65.
Substrate protein.
A commercial preparation of soy protein isolate (Fuji Oil Mill Co.) was subjected to alkali and acid treatments as described in the preceding paper.2) A purified fraction resulting from isoelectric precipitation was used as substrate.
Enzyme.
A papain preparation (Miles Labora tories, Inc.) was used. The activity for N-benzoyl-Larginine p-nitroanilide was obtained as 3.24 units/mg/ * L-Methionine ethyl ester is abbreviated as H -Met
OEt. Quantification of methionine polymer. An insoluble methionine polymer, 14-(Met),-OH, was precipitated by centrifuging an alkali-treated incubation mixture at 10,000 rpm for 30 min, washed out with sufficient water, and weighted after dehydration. Degradation of a methionine-incorporated protein with exopeptidases.
A part of the sample was treated with LAP under the conditions proposed by Hill and Smith.') A time-course liberation of amino acids during the treatment was followed. On the other hand, another part of the same sample was treated with. CP-Y according to the method of Hayashi et al.8) The amino acid liberation was followed likewise.
RESULTS
Papain-catalyzed polymerization of L-methio nine ethyl ester (Table  II) .
A degradation experiment with LAP and 
DISCUSSION
Ealier studies have disclosed that amino acids and their active derivatives are polymerized by the action of proteases through, for example, condensation, transamidation and transesteri fication; a detailed review has been made by Fruton.9) More recently, Sluyterman and Wijdenes10) have found that the catalytic action of papain produces insoluble polyleucine peptides, 8 -9 units long, from L-leucine methyl ester. They have analyzed the mechanism of the polymer formation and concluded that the polymerization reaction proceeds by the combi nation of a very slow dimerization rate and a high rate of chain growth from the trimer onwards, until the insoluble peptide mixture pre cipitates as the final product. This phenome non seems to be quite similar to that observed By analogy of the leucine polymerization10) as well as from our results shown in Table I and When the incubation is carried out in the presence of soy protein, small peptides must occur as the hydrolysis products. If one of these peptide acts as a nucleophile amine and attack any particular one of the acyl-papain intermediates including H • Met • O-[papain], a product can be formed in which the incor porated methionine residue is located at the N-terminal. The occurrence of such a process (Scheme II) may not be highly possible, since the rate of liberation of methionine from the sample during treatment with LAP is extremely slow (Fig. 3) 
